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(54) Circuit breaker

(57) A circuit breaker is disclosed, wherein the circuit
breaker according to an exemplary embodiment of the
present disclosure includes a permanent magnet (100)

rotatably hinged to a yoke (200), and wherein the per-
manent magnet is changed in magnetic path direction
thereof by rotation to set up a sensitivity current, whereby
a defect ratio of product is minimized.
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Description

[0001] This application claims the benefit of earlier fil-
ing date and right of priority to Korean Patent Application
No.10-2011-0016865, filed on February 25, 2011, the
contents of which is hereby incorporated by reference in
their entirety.

BACKGROUND OF THE DISCLOSURE

Field

[0002] The present disclosure relates to a circuit break-
er, and more particularly to a circuit breaker configured
to be installed at a wiring.

Background

[0003] Generally, a circuit breaker is a power device
for detecting an abnormal current to automatically break
the circuit, thereby protecting life, an electrical load de-
vice, and a circuit from an accident current in a power
supply circuit between the power source and the load,
when the abnormal current such as an over current, an
electric shortage current, or the like is generated in the
circuit. The circuit breaker is compulsorily installed on a
wiring at a house and a factory, for example.
[0004] The circuit breaker may be categorized into two
types based on operation method, that is, an electronic
circuit breaker that operates using a leakage detecting
chip, and a circuit breaker in which a trip coil is directly
connected to a secondary winding of a ZCT (Zero-phase
Current Transformer), where the latter is largely used.
[0005] FIG.1 is a lateral view illustrating a trip coil as-
sembly of a circuit breaker according to prior art, and
FIG.2 is a perspective view illustrating a trip coil assembly
of a circuit breaker according to prior art.
[0006] The trip coil assembly according to the conven-
tional circuit breaker includes a permanent magnet (10),
a yoke (20) forming a magnetic path of a magnetic field
induced by the permanent magnet (10), a bracket (30)
mounted on the yoke (20) to fix the yoke (20) to the per-
manent magnet (10), a lever (40) contacted to one side
of the yoke (20) to release a connection with a mecha-
nism of the circuit breaker, a trip coil (50) directly con-
nected to a secondary winding of a ZCT, and a spring
(60) mounted on the bracket (30) and connected to the
lever (40) to provide elasticity to the lever (40).
[0007] Now, operation of the conventional circuit
breaker will be described.
[0008] A current in proportion to a leakage current
flows in the trip coil (50) connected to the secondary wind-
ing of the ZCT when a leakage occurs, a magnetic field
formed by the permanent magnet (10) is offset by an AC
magnetic field generated thereby, and the lever (40) is
activated the moment the magnetic field is offset to acti-
vate the circuit breaker in response to operation of a de-
vice connected to the mechanism.

[0009] The circuit breaker thus described is such that
the energy of the permanent magnet (10) is very small,
because the magnetic field of the permanent magnet (10)
is offset by using a current of several milliampere flowing
in the secondary winding of the ZCT in case a leakage
occurs. Generally, the force by the conventional perma-
nent magnet (i.e., the energy) is obtained by multiplica-
tion by coercivity (Hc) and residual magnetic flux density
(Br), which is BH characteristic.
[0010] In case products are mass-manufactured cor-
responding to respectively different sensitivity currents,
for example, in case the sensitivity currents are 30mA,
100mA and 300mA, an energy intensity of a permanent
magnet with a sensitivity current of 300mA is generally
greater than that of a permanent magnet with a sensitivity
current of 30mA.
[0011] A demagnetization method is representatively
used for setting up an energy intensity of a permanent
magnet. The demagnetization method is a method in
which an AC current-flowing electronic magnet is made
to approach a vicinity of an assembled RCCB (Residual-
Current Circuit Breaker) to demagnetize the intensity of
the permanent magnet assembled inside the RCCB.
[0012] However, the demagnetization method thus de-
scribed is disadvantageously problematic in that a de-
sired sensitivity current value can be obtained only
through several repeated performances of demagnetiza-
tion, because an accurate demagnetization is not obtain-
able by a one-time process, and a remagnetization proc-
ess must be added for over-magnetized products caused
by erroneous operation of an operator, thereby compli-
cating the work and lengthening the work time.

SUMMARY

[0013] The present disclosure has been made to solve
the foregoing problems of the prior art and therefore an
object of certain embodiments of the present invention
is to provide a circuit breaker configured to minimize a
defect ratio of a product, to simplify work processes and
to remarkably reduce working hours by changing a mag-
netic path (magnetization) direction of a permanent mag-
net assembled on a yoke of a trip coil to perform a sen-
sitivity set-up of the permanent magnet.
[0014] In one general aspect of the present disclosure,
there is provided a circuit breaker, comprising: a yoke
forming a magnetic path of magnetic field; a trip coil
mounted at a bottom surface of the yoke and directly
connected to a secondary winding of a ZCT(Zero-phase
Current Transformer); a lever arranged at one side of the
yoke to trip a mechanism of the circuit breaker; a spring
connected to the lever to provide an elasticity to the lever;
and a permanent magnet rotatably hinged to the other
side of the yoke, wherein the permanent magnet is
changed in magnetic path direction by the rotation to set
up a sensitivity current.
[0015] The circuit breaker according to the present dis-
closure is advantageous in that defect ratio of product is
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minimized by allowing a yoke to include a rotatably-
hinged permanent magnet, and changing a magnetic
path direction by rotation of the permanent magnet to set
up a sensitivity current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure
and are incorporated in and constitute a part of this ap-
plication, illustrate embodiment(s) of the disclosure and
together with the description serve to explain the principle
of the disclosure. In the drawings:

FIG.1 is a lateral view illustrating a trip coil assembly
of a circuit breaker according to prior art;
FIG.2 is a perspective view illustrating a trip coil as-
sembly of a circuit breaker according to prior art;
FIG.3 is a perspective view illustrating an interior of
a trip coil assembly in a circuit breaker according to
an exemplary embodiment of the present disclosure;
FIG.4 is a partially cutaway perspective view of a trip
coil assembly in a circuit breaker according to an
exemplary embodiment of the present disclosure;
FIG.5 is a perspective view illustrating a trip coil as-
sembly in a circuit breaker according to an exemplary
embodiment of the present disclosure;
FIG.6 is a schematic view illustrating a simplified per-
manent magnet, a simplified yoke and a simplified
lever according to an exemplary embodiment of the
present disclosure;
FIG.7 is a graph illustrating a change of magnetic
field advancing direction based on magnetization di-
rection of a permanent magnet according to an ex-
emplary embodiment of the present disclosure;
FIG.8 is a schematic view illustrating a yoke based
on a magnetization direction of a permanent magnet
and an intensity distribution of a magnetic field flow-
ing in a lever according to an exemplary embodiment
of the present disclosure; and
FIG.9 is a table showing an intensity change of a
force of a lever based on a magnetization direction
of a permanent magnet according to an exemplary
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0017] The disclosed embodiments and advantages
thereof are best understood by referring to FIGS. 1-9 of
the drawings, like numerals being used for like and cor-
responding parts of the various drawings. Other features
and advantages of the disclosed embodiments will be or
will become apparent to one of ordinary skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional features
and advantages be included within the scope of the dis-
closed embodiments, and protected by the accompany-
ing drawings. Further, the illustrated figures are only ex-

emplary and not intended to assert or imply any limitation
with regard to the environment, architecture, or process
in which different embodiments may be implemented.
Accordingly, the described aspect is intended to embrace
all such alterations, modifications, and variations that fall
within the scope and novel idea of the present invention.
[0018] Meanwhile, the terminology used herein is for
the purpose of describing particular implementations on-
ly and is not intended to be limiting of the present disclo-
sure. The terms "first," "second," and the like, herein do
not denote any order, quantity, or importance, but rather
are used to distinguish one element from another. For
example, a second constituent element may be denoted
as a first constituent element without departing from the
scope and spirit of the present disclosure, and similarly,
a first constituent element may be denoted as a second
constituent element.
[0019] As used herein, the terms "a" and "an" herein
do not denote a limitation of quantity, but rather denote
the presence of at least one of the referenced item. That
is, as used herein, the singular forms "a", "an" and "the"
are intended to include the plural forms as well, unless
the context clearly indicates otherwise.
[0020] It will be understood that when an element is
referred to as being "connected" or "coupled" to another
element, it can be directly connected or coupled to the
other element or intervening elements may be present.
In contrast, when an element is referred to as being "di-
rectly connected" or "directly coupled" to another ele-
ment, there are no intervening elements present.
[0021] It will be further understood that the terms "com-
prises" and/or "comprising," or "includes" and/or "includ-
ing" when used in this specification, specify the presence
of stated features, regions, integers, steps, operations,
elements, and/or components, but do not preclude the
presence or addition of one or more other features, re-
gions, integers, steps, operations, elements, compo-
nents, and/or groups thereof.
[0022] Also, "exemplary" is merely meant to mean an
example, rather than the best. If is also to be appreciated
that features, layers and/or elements depicted herein are
illustrated with particular dimensions and/or orientations
relative to one another for purposes of simplicity and ease
of understanding, and that the actual dimensions and/or
orientations may differ substantially from that illustrated.
[0023] That is, in the drawings, the size and relative
sizes of layers, regions and/or other elements may be
exaggerated or reduced for clarity. Like numbers refer to
like elements throughout and explanations that duplicate
one another will be omitted.
[0024] Now, a circuit breaker according to an exem-
plary embodiment of the present disclosure will be de-
scribed in detail with reference to the accompanying
drawings.
[0025] FIG.3 is a perspective view illustrating an inte-
rior of a trip coil assembly in a circuit breaker according
to an exemplary embodiment of the present disclosure,
FIG.4 is a partially cutaway perspective view of a trip coil
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assembly in a circuit breaker according to an exemplary
embodiment of the present disclosure, and FIG.5 is a
perspective view illustrating a trip coil assembly in a cir-
cuit breaker according to an exemplary embodiment of
the present disclosure.
[0026] A circuit breaker according to an exemplary em-
bodiment of the present disclosure includes a permanent
magnet (100), a yoke (200) rotatably hinged to the per-
manent magnet (100) to form a magnetic path of mag-
netic field formed by the permanent magnet, a trip coil
(300) mounted at the yoke (200) to be directly connected
to a secondary winding of a ZCT(Zero-phase Current
Transformer), a lever (400) arranged at one side of the
yoke (200) to trip a mechanism of the circuit breaker, and
a spring (500) connected to the lever (400) to provide an
elasticity to the lever (400).
[0027] The permanent magnet (100) takes a round
shape having a predetermined thickness, one lateral sur-
face of one side of the permanent magnet (100) being
rotatably hinged to the yoke (200) and one lateral surface
of the other side of the permanent magnet (100) having
a tool insertion groove (110) for rotating the permanent
magnet (100) using a separate tool to change a magnet-
ization direction (magnetic path direction) of the perma-
nent magnet (100).
[0028] In one non-limiting example, the tool insertion
groove (110) takes a straight shape, and may be used
with a flat-head screwdriver for changing the magnetiza-
tion direction. However, the tool is not limited to the flat-
head screwdriver, and any type of screwdriver may be
used.
[0029] The yoke (200) is secured at an upper surface
thereof with a bracket (210) using a rivet (220), rotataly
mounted at a lateral surface thereof with the permanent
magnet (100), mounted at a bottom surface with the trip
coil (300) and arranged at an opposite side of the lateral
surface arranged with the permanent magnet (100) with
the lever (400). The bracket (210) is secured at one side
to a distal end of the spring (500), and rotatably supported
at the other side by the lever (400).
[0030] Furthermore, the lever (400) is rotatably sup-
ported by the bracket (210), and trips the circuit breaker
by being rotated by elasticity of the spring (500), in a case
a current flows to the trip coil (300) to offset the magnetic
field formed by the permanent magnet (100).
[0031] An external side of the yoke (200) is mounted
with a molded case (600) for preventing foreign objects
such as dust from entering the yoke (200), and a lateral
surface formed with the permanent magnet (100) is ar-
ranged with a cover (610) secured to the case (600) to
wrap the permanent magnet.
[0032] The cover (610) is provided with a tool path
(620) through which a tool passes whereby the tool can
be inserted into the insertion groove (110) of the perma-
nent magnet (100).
[0033] The circuit breaker according to the exemplary
embodiment of the present disclosure is advantageous
in that working hours setting up a sensitivity current of

the permanent magnet (100) can be drastically reduced,
and product defect caused by over-demagnetization or
insufficient demagnetization can be prevented by rotat-
ing the permanent magnet (100) to change magnetiza-
tion direction (magnetic path direction) of the permanent
magnet (100) and to set up a sensitivity current.
[0034] Next, a setting method of sensitivity current in
response to rotation of a permanent magnet will be de-
scribed.
[0035] FIG.6 is a schematic view illustrating a simpli-
fied permanent magnet, a simplified yoke and a simplified
lever according to an exemplary embodiment of the
present disclosure, and FIG.7 is a graph illustrating a
change of magnetic field advancing direction based on
magnetization direction of a permanent magnet accord-
ing to an exemplary embodiment of the present disclo-
sure.
[0036] Referring to FIG.6, in a case a magnetization
direction of the permanent magnet is an X axis while po-
sition of the permanent magnet (100) is set up by an X
axis, a Y axis, and a Z axis, θ is 90°, and θ is 0° in a case
the magnetization direction of the permanent magnet is
Y axis. The magnetic path direction of the permanent
magnet varies depending on position of the permanent
magnet.
[0037] That is, in a case θ is 0°, the magnetic path
direction of the permanent magnet is distributed as
shown in A to be horizontal with Y axis, and in a case a
tool is inserted into the tool insertion groove (110) of the
permanent magnet (100) to rotate the permanent magnet
(100) to a predetermined degree to make θ 30°, the mag-
netic path direction of the permanent magnet (100) is
distributed as shown in B to form an angle with Y axis at
30°.
[0038] In a case the permanent magnet (100) is rotated
to make θ 45°, the magnetic path direction of the perma-
nent magnet (100) is distributed as shown in C to form
an angle with Y axis at 45°. In a case the permanent
magnet (100) is rotated to make θ 60°, the magnetic path
direction of the permanent magnet (100) is distributed as
shown in D to form an angle with Y axis at 60°. In a case
the permanent magnet (100) is rotated to make θ 90°,
the magnetic path direction of the permanent magnet
(100) is distributed as shown in E to form an angle with
Y axis at 90°.
[0039] As noted above, the magnetic path directions
are changed depending on rotational angle of the per-
manent magnet, and intensity of the permanent magnet
applied to the lever (400) is changed, as the magnetic
path direction of the permanent magnet is changed.
[0040] That is, as shown in FIG. 8, if the intensity of
force of the permanent magnet applied to the lever is
measured in response to change in θ value, it can be
noticed that magnetic field flowing in the yoke (200) and
the lever (400) is least distributed in a case θ is 0°, dis-
tribution of magnetic field flowing in the yoke (200) and
the lever (400) gradually increases as θ the value increas-
es, and distribution of magnetic field flowing in the yoke
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(200) and the lever (400) becomes maximum when θ is
90°.
[0041] Furthermore, as illustrated in FIG. 9, it can be
noted that the intensity of force acting on the lever grad-
ually increases as the θ value increases when the inten-
sity of force acting on the lever is measured in response
to the change of the θ value.
[0042] As apparent from the foregoing, the circuit
breaker according to the present disclosure has an in-
dustrial applicability in that a defect ratio of a product can
be minimized and work processes can be simplified be-
cause of enablement of sensitivity current set-up in a
permanent magnet by rotating the permanent magnet to
change the magnetic path (magnetization) direction of a
permanent magnet.
[0043] Although the present disclosure has been de-
scribed with reference to a number of illustrative embod-
iments thereof, it should be understood that numerous
other modifications and embodiments can be devised by
those skilled in the art that will fall within the spirit and
scope of the principles of this disclosure.
[0044] More particularly, various variations and modi-
fications are possible in the component parts and/or ar-
rangements of the subject combination arrangement
within the scope of the disclosure, the drawings and the
appended claims. In addition to variations and modifica-
tions in the component parts and/or arrangements, alter-
native uses will also be apparent to those skilled in the art.

Claims

1. A circuit breaker in which a secondary winding of a
ZCT(Zero-phase Current Transformer) is directly
connected to a trip coil, the circuit breaker charac-
terized by: a yoke forming a magnetic path of mag-
netic field; the trip coil mounted at a bottom surface
of the yoke; a lever arranged at one side of the yoke
to trip a mechanism of the circuit breaker; a spring
connected to the lever to provide an elasticity to the
lever; and a permanent magnet rotatably hinged to
the other side of the yoke, wherein the rotation of the
permanent magnet changes magnetic path direction
to set up a sensitivity current.

2. The circuit breaker of claim 1, characterized in that
an upper surface of the yoke is secured by a bracket
and one side of the bracket rotatably supports the
lever.

3. The circuit breaker of claim 2, characterized in that
the other side of the bracket is secured by one side
of the spring.

4. The circuit breaker of claims 1 to 3, characterized
in that the permanent magnet is rotatably hinged to
a lateral surface of the other side of the yoke.

5. The circuit breaker of claims 1 to 4, characterized
in that the permanent magnet has a tool insertion
groove in a predetermined shape.

6. The circuit breaker of claims 1 to 5, further charac-
terized by a cover wrapping the permanent magnet.

7. The circuit breaker of claim 6, characterized in that
the cover is provided with a tool path.
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